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SYNOPSIS 

In two exporinents, actual bus users were given 
descriptions of hypothetical bus systems, and were asked to 
indicate how much they would like to travel in the so- 
designed buses. Buses were constructed according to a 
3x3x3 , Pare x Prequency x Comfort factorial design, 
and all the hypothetical buses were presented to each 
subject . 

Information integration theory, which deals with 
the measurement of subjective values and with the determi- 
nation of coordination rule, was applied to study the 
attractiveness of bus systems. According to the theory, 
attractiveness of bus systems should obey a multiplying 
model. That is, plot of the profile of two-way interaction 
from the three-way. Pare x Prequency x Comfort design should 
show a linear fan shape. In Experiment 1,this prediction 
was partially supported. IThile Pare x Comfort and ProqueAcy x 
Comfort effects had the predicted linear fan shap«, Pare x 
Prequency and Pare x Prequency x Comfort effects showed 
parallelism. A compound adding-multiplying model was thus 
able to account for the attractiveness judgement. 

Experiment 2 was run as a reliability check on the 
results of Experiment 1 . Eesults of this experiment disclosed 
that attractiveness of bus indeed follows a multiplying model. 
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This difference in results between two experiments appear to 
be attributable to the difference in sensitivity of the two 
experiments . 

In both experiments, it was found that the psychological 
values of the bus characteristics did not match with their 
objective values. Por example, the difference between 
50 Paise and ^e . 1 was much larger than the difference 
between Re. 1 andEs. 1.50. A similar trend was noticable 
in the perception of the scale of time. These results 
suggest that the traditional approaches to modal choice are 
faulty . In general, regress ion analysis has been used 
in transportation research. Regression analysis assumes 
that objective values of the modal characteristic are known 
and fixed. This notion can no longer be acceptable because 
the present results show that there is no close correspon- 
dence between the physical and subj-ective values of stimuli. 

Por a better prediction of modal choice, we must consider 
how the different attributes are valued and weighted by tht' 
users. It was suggested that information integration theory 
is ideally suited for such purpose. 
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Introduction 


General 

Knowledge of how people perceive alternative designs 
and operating strategies of existing or proposed transportation 
systems can be important for its successful planning, imple- 
mentation and operation. In order to plan successful bus 
operations, it is necessary to understand the factors that 
influence travelers* choice among alternative bus systems. 

A knowledge of the sensitivity of users’ preferences to 
varying levels of service characteristics enables planners 
to develop alternative transport systems. 

To determine the user response to a bus system and 
to make policy decisions, planners must know (1) which 
attributes in a proposed system are relevant to the user, 
and (2) how these different attributes operate in the 
determination of an overall preference. This study is an 
attempt to analyze people’s attitudes toward various bus 
systems . 

The attitudes of individuals towards transportation 
systems, their component and characteristics can be measured, 
usir^ various techniques developed in consumer psychology 
and applied market research. Attitude measurement can thus 
be used either as statistical technique to summarize opinions 



2 


and point of view or as explanatory variable and parameter 
in models of individuals overall perf erence . Choice models 
involving attitudinal variables are the most general class 
of models . 

The purpose of the present study was to model 
individual’s preferences to a set of hypothetical bus 
transportation systems, using Norman H. Anderson’s theory 
of information integration (Anderson, 1974a, 1979)* 
Information integration theory is a unified, general theory 
of human judgement- It deals with the problenB of multiple 
causation, that is, how do different causal forces operate 
in producing a unitary perception or judgement. It can 
thus be expected to be useful in modelling decision process 
of bus users . 

Survey of literatinre 

The estimation of travel demand has been a subject 
of interest in most urban transportation studies. Accurate 
estimation and prediction of travel demand have thus become 
inoreasingly important as aids to the decision makiig in 
the complex issues on investment priorities among 
transportation alternatives. This problem exists both in 
the context of urban areas as well as regional corridars. 
Most of the models in this area have been developed largely 



3 


for predicting travel within urban area, and so they cannot 
meet the accuracy requirements of the decision makers and 
policy-makers. There have been numerous attempts during 
the past few years to develop new strategies and techniques 
for modelling travel-demand rectifyirg the inconsistencies 
embedded in the earlier approaches. 

Within the problem area of travel demand estimation, 
the specific problem of travel-mode choice is of considerable 
interest. This is more so in the context of problems associa- 
ted with modelling modal choice in our country due to the 
diverse nature of market for various modes. In the past, 
almost every transportation study has developed its own modal- 
split model, where as models of the remaining elements of 
travel demand-trip generation, trip distribution, and 
assignment are much more standarized especially in the context 
of conditions prevailing in the United States. Studies 
conducted in connection with improving transportation 
situation in our country virtually pay a lip service to this 
improvement clement of the travel demand analysis. Projections 
have been made on ad hoc' basis regarding the future share of 
various evolving modes in urban as well as interurban areas. 

Modal-split modelling derives an amount of added 
interest from the fact that it has considerable potentials 
in aiding investment decisions among transport modes- It can 
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potentially indicate the likely outcomes of various 
decisions t a problem which has been currently drawing the 
attention of the National Transport Policy Committee of 
the Cover niaent of India in 1978* Although numerous modal- 
choice models have been developed elsewhere, these models 
can largely be classified into a small number of categories 
wherein the properties of the individual models are suscepti- 
ble to general description. 

The first major transportation studies were carried 
out in the mid-1950s. Various attempts were made to build 
models of the modal choice process. These studies can be 
briefly classified into three priucipal categories. 

The earliest of these models attempted to predict 
modal choice at an aggregate level by using characteristics 
of the aggregated areas, such as zones and districts. These 
characteristics consituted socioeconomic measures of the 
population of the aggregated areas and measures of attraction 
of these areas in terms of activity levels of various land 
uses. Because the models did not contain ary characteristics 
of the modes, these models failed to account for the changes 
in these characteristics. Because the socioeconomic 
measpres incorporated are generally increasing (e .g.; income, 
and level of education) »predictions about the choice of 
these modes in future cannot be made. 
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The second generation of models caiae into existence 
in the early 1960s. Even though they operated at an 
aggregate level described above, they incorporated some 
characteristics of the transportation system such as time, 
cost, frequency, etc. The diversion curve model developed 
by the Traffic Research Corparation is an example of this 
type of model. However, these second-generation models 
are also aggregate models. They thus have the same draw- 
backs in the sense that they can neither be transferred 
geographically, ncr can they be readily subdivided. These 
models are deterministic, for they yield modal volumes 
rather than probabilities of using a particular mode. Deter- 
ministic models of such type have wide confidence limits 
statistically. Accordingly, they are of limited use in 
explanation as well as prediction. These models have been 
developed after the trip distribution phase with the follcwing 
form: 

= f { , SEj_, IBj ), (1) 

id 

1 

where T^ • = Euinber of trips generated by zone i, attracted 

X J 

by zone j , which moves via mode 1 . 

2 

T. . = Humber of trips generated by zone i, attracted 
by zone j, which moves via mode 2. 

^ = Travel impedence between i and j via mode 1 . 
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. = Travel inpedence between i and n via node 2 . 

j-j 

SEj_ = Socioecononic characteristics of population 
of originating zone i. 

lU^ = Land use characteristics of destination zone j. 

f = Functional foria. 

That is, the number of trips distributed between zonal 
pairs is allocated between the two modes under consideration 
on the basis of travel times, cost, and other tangible factors 
between modes, and also in some cases on the basis of 
selected socioeconomic characteristics of the origin zone and 
land use characteristics of the destination zone . The 
diversity of modes is usually ignored or handled by combining 
all modes into dichotomous modes . This is the orOy model 
which is fundamentally behavioural' and policy-oriented. 

Although the policy-oriented model mentioned above 
is a step in the right direction, it is difficult to provide 
adequate test of it . By its structure, the model is a 
regression model which assumes that the values of the predictors 
are known. As values of predictors cannot be known for sure, 
it is perhaps advantageous to have an approach which measiures 
values of each predictor at the level of each modal user. 

In cxrder to overcome some of the problems mentioned above? 
there have been attempts in the past to build new models of 
travel-mode choice based on the application of theories of 
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individual behaviour in decission making choices. Initially 
disaggregate behavioinral models were conceived of as 
operating within the same model structure as the conventional 
urban transport planning package of models. 

The main advantage of this approach is that modal 
choice is analogous to the typical market place decision 
situation. The individual buyer, namely, the traveler has 
to choose between a number Of goods or services according 
to their attributes and his set of preferences. This 
approach represents a ma;jor change in emphasis in a sense 
that these models are disaggregate, and they attempt to 
model individual behaviour on the basis of mode and user 
attributes. They have been developed to predict individual 
behaviour by assigning to individuals probabilities of using 
modes in a binary choice situation. It appears that these 
models can better reproduce existing conditions, regardless 
of geographic location, and give more reasonable responses 
to forecasts of mode and user characteristics than models of 
type described in the earlier section. This irocedure is 
most consistent with modern theories of human discrimination 
and choice which state that every human decision is in 
essence probabilistic . 

Placed in the context of modal choice, this approach 
effectively states that an individual will choose a mode with 
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porobability deterninyd by trip considerations and his own 
scaling of the effectiveness of the alternatives for that 
trip pm? pose . 

Thus, the stochastic node! of nodal choice nay bo 
considered as a translation of the theoretical elenents nf 
decision-making into operational terms* Based on the 
revealed preferences by travelers in their modal choices, 
the models distinguish between the attraction and disutility 
of the system characteristics and user characteristics that 
affect the prefererxje scale of system attributes . Mere 
specifically, the models can incorporate a variety of system 
characteristics, provided that adequate quantification can 
be achieved, and may include attributes derived from atti- 
tudinal studies. These models have several properties that 
are of help in analyzing modal choice. 

Pirst, these models have greater predictive validity 
than conventional models, because they are based on the 
behaviour patterns of individuals rather than on statistically 
derived correlations in aggregate analysis* 

A second property of these models is that they are 
based on the smallest element of the population' — the 
individual. As such, the large variances attributed to 
problems of zoning or of aggregation of population attributes 
are eliminated . Thus, the predictior© from the models must 
have mch narrower confidence limits than those of aggregate 
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models . 

A third property, also stemming from the disaggregate 
approach, relates to the eventual aggregation that must be 
used for the models to be applied to large 'oxban areas. 

Because the models are constructed from the smallest populatiin 
elements, the level of aggregation can be determined from th3 
models as the precision of measurement required to yield the 
desired predictive accuracy. In contrast to earlier modal 
choice models, a stochastic disa g gregate model is a deductive 
model which determines a priori the variables to be measured 
and the level of aggregation and the groupings for aggregation 
that are required for operation of the model. 

A fourth property of stochastic disaggregate models 
is that they provide a basis for inferring the relative 
importance that people place on various characteristics of the 
transportation systems. These values may be derived from an 
examination of the relative weights of each system characteristic 
on the choice process described by the model. The behavioural 
basis of the m,odels requires that the values so obtained be 
b ehav i our ally c ons is t ent . 

However, a single model is still used to describe 
the behaviour of all individuals in a given sample, never- 
theless, this approach does make explicit the need to 
indent ify homogeneous groups of decision-makers. 
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Various factors were included in the node choice 
nodels such as trip purpose, incone of individual, denographic 
aspect of the region, operating characteristics of transit 
and auto systeras, and attitude toward the quality of 
alternative nodes. But they used actual values of some of 
the attributes such as tine, cost, etc. rather than the 
perceived values. 

Relative neasinres and nonlinear response transfer- 
nations were also used to deternine the probabilities and 
assuned a linear integration process. The coefficient of 
each variable was taken as a weight and was assuned constant 
for all levels of that variable. Two problens are associated 
with these assunptions in applying to long-tern forecasting; 

(a) absence of goodness-of-f it tests and (b) insensitivity of 
correlation approach (Shanteau and Anderson, 1977). 

Therefore, there is a need to develop a model that 
reflect causal relationships. The model must be behavioural, 
flexible and must allow policy makers to describe the 
existing relationship among variables and predict the effect of 
changes in these variables. Information integration approach has 
been used successfully in these -types of research(e .g., Singh, 

1975; Singh, Bohra, and Dalai, in Dress; Singh, Sidana, and 
Saluja, 1978). The models are causal, behavioural, and have 
capability to describe individual preferences as described 
in the next section. 
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or aial: ion Ist £ sr at ipa__^3^L- 

The primary goal of information integration theory 
is to develop simple models to describe how infornation is 
combined or integrated in judgement and decisions . The 
theory was originally developed by Norman H. Anderson 
( 1970 , 1974 ). 

The the cry assumes that each piece of information 
can be characterized by two parameters: a scale value, 
corresponding to the subjective evaluation of the information 
along the dimension of judgement, and a weight, representing 
the importance of the information for the judgement to be 
made . The integrated judgement or decision is assumed to 
be an algebraic ftmction of the weight and scale values. 

factorial designs are typically employed where each 
subject receives all possible combinations of the levels of 
each factor, and is asked to respond to each of the hypothe- 
tical situations so farmed. Sesponses are then analyzed to 
determine the relationships between informational variables 
and subjective judgements or decisions. 

Most of the models fall in one of two main classes . 
One class includes adding, subtree ting, and averaging models? 
other class includes mltiplying and dividing models. 
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Avera^ijg^ Models 

Consider a set of N stimuli, with value s^ and 
weight Wj_. The averaging model specifies the response as a 
weighted average of the scale values . The overall judgement 
for attractiveness of bus systems, Ag, is assumed to be a 
weighted average of all the external information factors and 
an internal subjective opinion. Mathematically, 

n n 

Ag = C + ( 2 ; s.w./ L w. ) + e (2) 

i=0 ^ ^ i=0 ^ 

where C is an additive constant which refers to an arbitrary 
siero on the response scale, and e an additive random variable 
with zero mean. The internal variable refers to the past 
experience as having a scale value of s^ and weight . 

The Sj_ is the scale value of i^^ attribute, and w^ the 

"t* Vi 

weight attached to i attribute. The test of the averagirg 
model is straightforward • Depending upon the pattern of 
weighting of the two stimuli, the factorial plot of the 
row X column data will shew parallelism or nonparallelism. 

Parallelism Erediction 

The parallelism prediction of the averaging model 
rests upon two important assumptions. Pirist, the row and 
column stimuli do not interact or change their scale value 
at all when combined. Second, the row weight remains 
constant over rows, as does column wei^t across columns. 
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To shew parallelism , it is necessary to plot the cell 
means. No a priori knowledge of scale value or weight is 
needed. Because of response variability, statistical test 
of parallelism is essential. If the data basically obey 
parallelism, then the row x column interaction term in 
analysis of variance would be zero in principle, and so 
nonsignificant in practice (Anderson, 1971) • 

Nonparallel ism ErQ diction 

When the assumption of equal weighting is not 
satisfied, parallelism cannot be expected to hold true. 
Statistical test of row x column effect would be significant. 
Nonparallelism can bo of divergirg or converging type . If 
the weiglit of the row factor is positively related with the 
scale value of the column factor, then the plot of the row 
factor data across the subjective functional values of the 
coliimn factor will show a set of diverging straight lines 
(Anderson and Butzin, 1974; Graess«x and Anderson, 1974; 

Singh, 1978) . On the contrary, an inverse relationship 
between the weight of row factor and scale value of the column 
factor will engender a family of converging straight line 
(Anderson, 1972; Oden and Anderson, 1971; leon, Oden and 
Andesrson, 1973)* 

With both types of nonparallelism, the overall test 
of row X column effect would be statistically significant 



and the entire interaction would concentrate in just a 
Linear x Linear trend - Statistical test for bilinear 
components would, therefore, be significant. 
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Alternative Models 

Though parallelism and nonparallelism are consistent 
with the implication of a constant -weight and a differential 
weight average rules, they are also subject to alternative 
interpretations . 

For example, parallelism supports both the constant 
weight averaging rule and the alternative adding rule. 

Similarly, a differential-weight averagirg and the alter- 
native multiplying rule predict a diverging set of straight 
lires (Anderson and Eutzin, 1974; Graesser and Anderson, 1374; 
Kun, Ihrsons , and Ruble, 1974; Singh, Gupta, and Dalai, in press)* 

Averaging Versus Adding 

To discriminate averaging from addirg rule, additioml 
data are required. In addition to ratings of stimuli from 
the main design, the subjects are asked to judge stimuli, 
having only the column information (Lampel and Anderson, 1968; 
Oden and Anderson, 1971; Singh, Bohra,and Dalai , in press). 

According to the adding rule, the single-cue 
curve should plot as a straight line in a family of parallel 
lines- In contrast , the averaging rule predicts that the 
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single-cue curve should cross, over some row cirrves, particularly 
those which are based on near-neutral value of the row 
factor. This crossover prediction has a simple logic. 

Since the value of a highly polar information is greater 
than the average of a highly polar and a mildly polar 
information combined, the single-cue curve in relation to 
a row curve will be lower at the negative end and higher 
at the positive end. 

Different ial-'7eight Averaging Versus I'lultipl.ving 

The multiplying model implies that the single-cue 
curve should plot as curves in a family of diverging straight 
lines, for the multiplier row value is absent. On the 
contrary, the averagirg rule mentioned earlier implies that 
the single-cue curve should cross over atleast one row curve. 

This theory has been used by Norman and Louviere (1 974) 
for prediction of mode choice using three factors: Pare, 
frequency, and walking distance to the bus stop. They showed 
that the behaviour followed a multiplying model which was 
supported by formal goodness-of-f it tests. 

The study made by levin and Corry (1975) differs 
in several respects from Ncrman and louviere. Emphasis was 
placed on defining homogeneous subgroup of decision makers 
through behavioural measures. The single most unique finding 
of levin and Carry was that the stimulus value received 
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greatest weight when it was consistent with the individual's 
initial bias. 

Ficolaidis and Krishnan (1977) tested this methodology 
for planning bus service in Calif or nia, and fcund it to be 
conceptually and operationally simple yet .powerful from a 
statistical point of view. 

The following chapters discuss in detail the 
application of information integration approach to the travel 
choice behaviour. A hypothetical bus system with varying 
attributes was presented to study the underlying behavioxn:- 
in choice. Two experiments were conducted in order to study 
the modal choice behaviour and these are highlighted in 
the following chapters. 
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CHAPTER 2 
Experiment 1 

The main purpose •f Experiment 1 was to model the 
travel decision •£ bus users. Accordingly, suhoects 
received iniormation pertaining to fare, frequency of 
running, and comfort of hypothetical bus systems, and 
indicated how much they would like to travel in the so- 
designed buses. If information available about fare, 
frequency and comfort are integrated according to a 
multiplying rule, then liking for a bus system would obey 
the following model; 

Ag = Pare x Frequency x Comfort, (3) 

where A^ = Attractiveness of a bus system. 

Test of this multiplying model is simple. If stimuli 
are constructed according to a factorial design and data 
are analyzed through analysis of variance test, then a 
a three-factor design will produce three sets of diverging 
straight lines. If the multiplying model is correct, then 
Pare x Frequency, Fare x Comfort, Frequency x Comfort, 
effects will all be statistically significant. Graphically, 
therefore, each two-way interaction will display linear 
fan shape. Statistically, linear fan shape is equivalent 
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to significant Linear x Linear trend and nonsignificant 
residual trend. 

Horaian and Louviere (1974) tested the applicability 
of multiplying model in the travel decision of American 
college students. Hypothetical bus systems were described 
with respect to fare, frequency, and proximity, and judged 
probability of riding the bus indeed supported the 
multiplying model. 

Two limitations of the study cited above make 
the multiplying interpretation of their results questionable. 
First, they used college students as respondents, who may 
undoubtedly be good at making precise judgement but may not 
constitute a general population of bus users. Second, and 
technically more important, they did not use any distingushing 
test between multiplying and differential weight averaging. 

If the weight of one factor changes as a function of its 
own scale value as well as of the scale values of another 
factor, then multiplying type results can also be obtained 
(Anderson ,1971*, Dalai, 1978; Singh, 1978). 

A test between multiplying rule and the differential 
wei^t averaging rule can be made by asking for judgements 
based on only one piece of information. The multiplying 
rule can only operate if the subject infers some value 
for the niissing information. With the infered value for 
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missing information the single-cite curve will still form 
part of linear fan. But if the averaging model operates, 
then the well known crossover interaction will he observed 
(Anderson, 1974a5 lampel and Anderson, 1968; Singh, G-upta,and 
Dalai, in press). Ho such test was used by Herman 

and louviere (1974) or Herman (1977). 

The present study used actual bus riders ae subjects, 
and they differed considerably with respect to their income. 
In fact, the subjects were from high and low income groups. 
This will allow greater generality of the results. 

Method 


Stimuli and Design 

Three types of descriptions of hypothetical bus 
systems were prepared on index cards. One set of bus systems 
were described with respect to fare, frequency, and comfort. 
Each factor had 3 levels, and the 27 three-KJue descriptions 
were product of a 3x3x3 design. The levels of fare were 
50 Paise, Rupee 1,and Rupees 1.50; the three levels of 
frequency of running were 15 minutes, 30 minutes, and 60 
minutes; the 3 levels of comfort were not at all comfortable, 
okay, and very comfortable. These twenty-seven stiraili 
constituted the main design. 

There were three 3x3 designs also: Pare x Frequency, 
Pare x Comfort, and Frequency x Comfort. The levels of the 
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three factors were the same as in the 3-cue main design 
described above. These designs were included to check 
reliability of results across 2- and 3- characteristic bus 
systems . 

There were also nine single-cue hypothetical buses, 
based on one of the three levels of each factor. In addition 
to these, 4 three-cue, 6 two-cue, and 6 aingle-oue filler 
bus systems were prepared to serve as end anchors (Appendix B). 
Twelve practice examples were also constructed of those 
12 examples, 4 had 3-cues, 4 had 2-cues, and the remaining 
4 had just one cue (Appendix C). The practice examples 
were intended to serve as end anchors, and to orient the 
subjects toward the use of the complete response scale 
(Anderson, 1974c). 

Response 3c ale 

The response scale was the 4ciiix 5 cm wooden scale, 
containing 31 holes. Bach hole had 0.5 cei diameter, and 
was spaced at a distance of 1cm, The extreme left hole was 
lebelled low and the extreme right was labelled high on the 
subject’s side. These holes had digits one to thirty-one 
written on the experimenter's side. To indicate liking for 
a particular bus system, subject inserted a pointer in 
the appropriate hole. The numbers assigned to these holes 
were treated as rating score. 
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Sub.jects 

An incidental sample of twenty-four males served as 
subjects. Twelve subjects were from low income group, that 
is , their monthly income was below Rupees 500 per month. 

The remaining twelve subjects were from high income group, 
that is, their monthly income was above Rupees 1000 per month. 
Each subject spent approximately two hours in giving response 
to the stimuli presented to him. 

Rrocedure 

Befcre the collection of data, instructions (Appendix A) 
were given to the subject and a summary of the task was 
presented verbally. After the instructions, the experimenter 
ensured that the subject understood the task well. Experimenter 
then gave 12 practice examples to the subject. The subject 
read the typed information on the card, formed an opinion of 
the so-described bus system, and then indicated bow much he 
would like to travel in that bus. In case of some of the 
subjects of lower income group, the experimenter described 
the task as well as stimuli in Hindi. 

After practice, the experimental stimuli alor^ with 
the filler ones were presented twice in different shuffled 
orders. Information on each card was also presented in two 
different sequence in order to avoid order of presentation 
effect on judgement of every bus system. Data from both 
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replications of the design were analyzed. All q,uiries by 
the subjects v/ere answered and they were thanked for their 
cooperation- 


Re suits 


Main Analysis 

Data of the three-cue design were subjected to a 
2 X 3 x 3 X 3 , Replication x Pare x frequency x Comfort 
analysis of variance, with repeated measurements on all the 
four factors (Winer, 1971). The results are summarized in 
Table 1 . 

According to the multiplying rule, all the three 
2-way and the 3~way interactions should be statistically 
significant. Table 1 shews that Pare x Comfort and 
Prequency x Comfort effects were statistically significant. 
Contrary to the expect at ion, Pare x Prequency and Pare x 
Prequency x Comfort were nonsignificant. A multiplying 
model, cannot, therefore be accepted on the basis of results 
from the analysis of variance. 


Graphic Analysis 

Mean liking to travel judgements are plotted in the 
3 panels of the Figure 1 as a function of Prequency x Pare, 
Pare x Comfort and Comfort x Prequency. It appears that the 
graphic results are also in accord with the results obtained 
from the analysis of variance. The left pare! which plots 
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TABLE 1 

Results from 2 x 3 x 3 x 3, Replication x Fare x Frequency x 
Comfort analysis of variance . Three-cue design . 


c 

Vw 

Source 


SS 

df 

MS 



Re 

iplicat 

;ion(A) 

13.85 

1 

13.85 

0 

.147 

A 

X 

Subj 

ects 

2164.10 

23 

94.09 



Fare 

^ (B) 


10917.49 

2 

5458.74 

26 

.07* 

B 

X 

Sub j 

ects 

9629.86 

46 

209 .34 



Fr 

‘equency (C) 

4156.29 

2 

2078.14 

14 

. 34 * 

C 

X 

Subj 

iects 

6666 .29 

46 

144.91 



Comfort 

(D) 

34572.93 

2 

1 7286 .46 

59 

.48* 

D 

X 

Sub j 

ects 

13368.97 

46 

290 .62 





A 

X 

B 

58.76 

2 

29.38 

1 

.00 

A 

X 

B 

X 

Sub . 

1341 .93 

46 

29.17 





A 

X 

C 

60.75 

2 

30.37 

1 

.85 

A 

X 

C 

X 

Sub * 

752.27 

46 

16.35 





A 

X 

B 

7.30 

2 

3 .65 

0 

.20 

A 

X 

D 

X 

Sub. 

833 .05 

46 

18.10 





B 

X 

C 

1 30 .06 

4 

32.51 

1 

.47 

B 

X 

C 

X 

Sub . 

2024.11 

92 

22 .00 





B 

X 

D 

679.25 

4 

169.81 

7 

.20* 

B 

X 

D 

X 

Sub. 

2166 .90 

92 

23 .55 





C 

X 

D 

290,93 

4 

72 .73 

■z 

.10* 

C 

X 

D 

X 

Sub . 

2154.00 

92 

23.41 




A 

X 

B 

X C 

93.49 

4 

23.37 

1 

.42 

A 

X 

B 

X 

C X Sub 

. 1512.44 

92 

16 .43 




A 

X 

B 

X D 

67.03 

4 

16.75 

1 

.31 

A 

X 

B 

X 

D X Sub 

. 1168.89 

92 

12.70 




A 

X 

C 

X D 

100 .92 

4 

25 .23 

2 

.20 

A 

X 

C 

X 

D X Sub 

. 1045 .34 

92 

11 .36 




B 

X 

C 

X D 

142 .54 

8 

17.81 

1 

.18 

B 

X 

C 

X 

D X Sub 

. 2759.97 

184 

14.99 



A 

X 

B 

X 

C X D 

55 .99 

8 

6 .99 

0 

.62 

A 

X 

B 

X 

C X D X 

2065 .64 

184 

11 .22 




Subjects 
■ * £ < .05 



FREQUENCY FARE COMFORT 
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mean liking as a function of frequency and fare shows clear 
parallelism. Parallelism pattern implies operation of an 
adding-type rule. The other two sets of curves have obvious 
divergence as was predicted from the multiplicative process. 

The dashed curve of each panel which is based on the 
single information listed on the horizontal axis helps to 
diagnose the real model underlying the judgement. In the 
left panel, the dashed curve is at the bottom and it stand 
parallel to other three solid curves. This suggests that 
information pertaining to fare and frequency information are 
added together (Gupta, 1968) in judging attractiveness of 
bus systems. In the other two panels, on the other hand, 
the dashed curve form part of the linear fan shape . They 
do not show any tendency to crossover any of the three solid 
curves . That means that comfort information mltiplies both 
fare and frequency information. 

As the results stand, the multiplyiiig model demon- 
strated by Eforman and louviere (1974) and ETorman (1977) is 
only partially supported. Perhaps compound adding-multiplying 
model could better be able to account for the results. 

Accordingly, it can be said that 

A-g = (Pare + Prequency) x Comfort • 


( 4 ) 
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Economic Coniition 

As equal number of subjects were from high and 
low income groups, economic condition was added as a 
classification factor in the main four -way analysis of 
variance. In this five-way analysis, Income x Comfort effect 
was statistically significant , E (2,44) = 3.32, P < .05 • 

Table 2 presents mean liking to travel as a function of 
economic condition of the subjects and the comfort of the 
bus system. 

Table 2 shows that attractiveness judgements based 
on comfort factor were more extreme in case of high than 
low income group. That is, the difference in the attractiveness 
of not at all comfortable and very comfortable bus system 
was greater for high rather than low income group. Similar 
results emerged in a two-cue, frequency x Comfort, design also. 

On purely common sense basis, economic factor can be 
expected to moderate effectiveness of fare information. The 
present results, however, denote that economic condition of 
subject moderates effectiveness of comfort factor. 

Two-cue Design 

Table 3 presents results for three separate 2x3x3 
analyses of variance— - Pare x Prequency , Pare x Comfort arsi 
Prequency x Comfort. 
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TABLE 2 

Mean liking to travel as a function of economic condition and 
comfort . 


Economic 

Condition 


Comfort 

Fot at all Okay Very 


low 

8.56 

15 -60 

18.04 

High 

6 .86 

18.75 

21 .39 



Results from 2x3x5 analysis of variance. Two-cue designs 
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It is clear from Table 3 that when the three factors 
were presented in a pair-wise manner, the subjects adopted 
a simple additive rule. As two-way interaction is non- 
significant in all the three analyses it can safely be said 
that the judgements based on two-cues obey additive model. 

Qualitative Results 

It can be observed from Figure 1 that the different 
levels of each factor are spaced on the horizontal axis 
according to their functional values (Anderson, 1976, 1977)* 
Such a spacing allows rescaling of the physical values of the 
stimuli, and the results of the present study throw some light 
on this virtue of functional measurement. 

In the left panel, the three columns are spaced in 
terms of the psychological values of fare. According to their 
physical value, 50 Paise, Re. 1, and Rs .1 .50 are equidistant. 
Psychologically, however, they are not so. The psychological 
difference between 50 I^ise and Re . 1 is much larger than that 
between Re .1 andRs. 1.50. Similarly, the psychological values 
of service frequency of 15 minutes, 50 minutes, and 60 minutes 
do not match with the physical value of time. The difference 
between half an hour and one hour is psychologically not 
much different from the difference between 15 minutes and 

30 minutes . 
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This result is interesting, for it shows that 
planners and decision makers involved in engineering sciences 
just can not go by the physical values of the stimli. It 
is by no means less important to know the subjective reactions 
to the stimuli, and information integration approach is 
ideally suited to study the perception of transportation 
syst ems . 


Discussion 


Findings of Experiment 1 are mixed. The results of 
the three-cue design suggest that attractiveness of bus 
system follows a compound adding-multiplying model, that is. 
Equation 4. Accordingly, it can be expected that a similar 
relationship will hold with two-cue stimuli. Unfortunately, 
however, the results from the two-cue design do not match. 
The two-cue results suggest the operation of an additive 
model, where as the results from three-cue design suggest 


adding-mltiplying model. 

In addition to this difference between the results 
of tiicee-and two-cue designs, results from the three-cue 


design do not agree with the findings reported with the 
American subjects (Norman and Louviere, 1974? Norman, 1977). 
This may be because of the differeixse in the nature of the 


subjects u^ed or cultural difference between two types of 
subjects (Singh, Gupta, and Dalai, in Ecess) . ^ 

y,. 


583ll 
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Before the results of Experiment 1 are accepted 
supportive of a compound adding-multiplying model, 
replication of the results seems to be necessary. Therefore, 
Experiment 2 was conducted with another sample which permitted 
check on the consistency of the results obtained 
in Experiment 1 . The following chapter discusses some of the 
main conclusions derived in the replication of Experiment 1 . 
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CHAPTM 3 
Experinont 2 

The main purpose of lixpcriment 2 was to check the 
reliability of the results of Experiment 1 . A new group of 
twenty— four subjects, 12 from low income group and 12 from 
high income group were selected, and they were given the same 
experimental task. The only difference between Experiments 1 
and 2 was that each subject rated the experimental stimuli 3 
times and data from all the three replications were analyzed. 

Results 

Main Analysis 

Table 4 lists results from a3 x3 x33c3> Replication 
X Sare x BTeiuenoy x Oomfort analysis of variance. As in 
Experiment 1, the three min effects for fare, frequency, and 
comfort are highly significant. The two^ay and the three- 
way interaction involving the factors of fare, frequency, and 
comfort are also as predicted. Pare x Prequency and Pare x 
Comfort effects are statistically significant. But Erequency x 
oomfort, P (4,92) = 2.46, £<04)6 and Pare x Prequency x Oomfort 
P (8,184) = 1 .70 , £ < .06 are marginally significant. The 
Resent results are thus in accord with the multiplying model 
proposed by ¥c>riiBii e-nd Iiouviere (1974) • 
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TABLE 4 


Results from 3 x 3 x 3 x 3> Replication x Rare x Erequency x 
Comfcjrt Analysis of variance Three-cue design. 


Source 

SS 

df 

■mi 

R 

Replication (A) 

33 .53 

2 

16 .76 

0.298 

A X Subjects 

2586 .81 

46 

56.23 


Rare (B) 

1 1028.27 

2 

5514.13 

10.576* 

B X Subjects 

23983 .91 

46 

521 .38 


Rrequency (C) 

4563 .93 

2 

2281 .96 

19.32* 

C X Subjects 

5432 .78 

46 

118.10 


Gomfcjrt (B) 

30752 .53 

2 

15376 .26 

50 .47* 

D X Subjects 

14013 .06 

46 

304.63 


A X B 

36 .18 

4 

9.04 

0.337 

A X B X Subjects 

2461 .21 

92 

26.75 


A X C 

2.39 

4 

0.59 

0.039 

A X C X Subjects 

1360 .27 

92 

14.78 


A X D 

344.31 

4 

86 .07 

6.125* 

A X D X Subjects 

1293 .00 

92 

14.05 


B X C 

298 .09 

4 

74.52 

2.60* 

B X 0 X Subjects 

2636.94 

92 

28.66 


B X D 

654.08 

4 

163.52 

4.92* 

B X D X Subjects 

3052 .71 

92 

33.18 


C X D 

287 .71 

4 

71 .92 

2 .46** 

C X D X Subjects 

2683 .23 

92 

29.16 


A X B X C 

129.42 

8 

16 .17 

1 .19 

A X B X C X Sub. 

2491 .38 

184 

13.54 


A X B X D 

135 .73 

8 

1 6 .96 

1 .56 

A X B X D X Sub. 

1992 .36 

184 

10.82 


A X C X D 

80.18 

8 

10,02 

0 .88 

A X C X D X Sub . 

2094.02 

184 

11 .38 


B X C X D 

387.44 

8 

48.43 

1 .70*** 

B X C X D X Sub. 

5245.67 

184 

28.34 


A X B X 0 X I) 

278.34 

16 

17.39 

1 .33 

AxBx CxDx Sub 

. 4776.79 

368 

12.98 



* £ < 0.5 


f 





FREQUENCY FARE COMFORT 
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G-raphic Analysis 

To appreciate the operation of the multiplying 
model, look at the three panels of Figure 5- All three 
panels show clear divergence toward the right. This visual 
inspection is further supported by trend analysis, which 
disclosed that the entire interaction effect concentrated 
in orOy the Linear x linear trend. For Fare x Ftequency, 

Fare x Comfort, and Frequency x Comfort effects, the linear x 
linear trend had statistically significant F ratios of 4*76, 
18.20 and 8.18 with degree of freedom of l/92. The F for 
residual of the three effects were 1 .87, 0.50, and 0.55 , 
with degree of freedom of 3/92, respectively, and they did 
not reach the acceptable level of significance. These 
results suggest that the dominant property of the curves of 
the three panels may indeed be characterized by a linear fan 
shape . 

Further support for the multiplying model comes 
from the dashed curves of each panel. As implied by tbs 
multiplying rule, the dashed curve of each panel fcrms part 
of linear fan shape. As in Experiment 1 the dashed 
curve based on frequency informetion only is above the 
solid line for not at all comfortable bus system. This 
indicates that subjects assume that each bus is comfortable 


to some extent. 
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Inclusion of the factor of the economic condition 
of subjects in the main design did not disclose any meaningful 
result. Results pertaining to economic condition and comfcjrt 
of Experiment 1 thus does not appear to be replicable. 

Two-cue Results 

Table 5 presents results from three separate 3x3x3 
analyses of variance for the two-cue, Rare x Erequency, Rare x 
Comfort, and Rrequency x Comfort sub-designs. 

As in Experiment 1 , information about two pieces of 
information seems to be coordinated by an adding-type rule. 

As interaction between the two factors is nonsignificant in 
each of the three analyses, it can safely be said that 
profile of each two-way interaction is characterized by 
par allelism. 

Qualitative Results 

The functional values of the three informational 
factors appear to be similar to those reported in Experiment 1 . 
The difference between 50 Raise and Re . 1 is again much 
larger than the difference between Re . 1 and Rs . 1 .50 . 
Rsychological values of time observed in Experiment 1 are 
also comparable with those of Experiment 2. Esychologioally , 
the difference between 15 mimtes and 50 minutes is not 


much different. 



Results from 3x3x5 analysis of varianoe !Ewo-cue designs 
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According to functional measurement, the margiml 
row and column means constitute validated interval scale 
values of the row and column stimuli (Anderson, 1966, 1977). 
To show the utility of these functional values, response 
to each cell mean was predicted from the multiplying model. 
Accordingly, the functional value of a particular cell was 
treated as equal to the product of row and column means 
divided by the grand mean ( Dalai, 1978 , p. 41) . The 
mean absolute deviations between predicted and observed 
responses were 0.26 , 0.13 and 0.12 for Fare x Frequency, 
Fare x Gomf cart, and Frequency x Comfcrt, respectively. These 
deviations seem to be negligible along the 51 -point scale. 

It can thus be said that multiplying model could give a 
reasonably good account for the three-cue data of Experiment 

Discussion 

Results of Experiment 2 are important in two ways. 
First, they conclusively show that attractiveness of bus 
systems obeys a multiplying model. The failure to obtain 
support for the multiplying model in Experiment 1 was thus 
perhaps because of lower sensitivity of the Esperimenfc 1 . 

It should be noted here that Experiment 1 required the 
subjects to rate stimuli only twice, where as Experimeiit 2 
required the subjects to rate stimuli thrice. A seiasitive 
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design is therefore more useful in diagnosing the multiplying 
process than nonsensitive one. 

Evidence for the multiplicative process may not ■ 
be considered as novel finding, for Norman and louviere (1974) 
and Norman (1977) supported a similar rule. What is more 
important here is that the present method, particularly 
the use of a distingushirg test between multiplying and 
differential weight averaging, puts the multiplying results 
on a more solid ground. It also deserves mention that the 
present .results ertends the multiplying process to a general 
population of bus users. 

The seconi important finding is that the attractiveness 
of bus system based on two characteristics follow simple 
adding type rule. This result is identical to that of 
Experiment 1. As this result is reliable and replicable, it 
seems appropriate to suggest that multiplying type strategy 
is employed in rating of only complex bus systems. Incidently, 
psychologists interested in testing and developing integration 
model have not paid much attention to this aspect. The 
present results call their attention to the froblem of 
changes in integration rule as a function of task complexity. 

Findings of Experiments 1 and 2 also suggest the 
utility of functional measurement of the subjective values 
of stimuli. Undoubtadly, people vary in their value for 
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different stimuli and to make any new system acceptable to 
them, we must know how they feel about the characteristics 
of the system. Results related to perception of time and 
money bear directly on the utility of this approach, and 
suggest that the study of multiple determinants of transportation 
choice can 'be simplified considerably through the methods 
of information integration theory. 

The following chapter presents the salient conclusions 
derived from the study. In addition, suggestion for further 
research in this area have been suggested. 
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GHAPTIR 4 
Conclusion 

The previous chapters highlighted the utility of 
information integration theory in the analysis of modal 
choice decision-making process. The application of this 
theory was made to the choice of hypothetical bus systems 
with varying attributes ,u 0 ing residents of I.I.T. Kanpur 
as subjects. 

The two expericnents described earlier shew that 
human judgement in transportation can be studied in 
labaratcry using infemmation integration approach. The 
experiments proved useful in determining the influence of 
fare, frequency, and comfort, and shewed how these factors - 
are evaluated and combined to determine modal— choice 
behaviour . 

Although the two experiments do not show the same 
results, they throw enough light on understanding the travel 
behaviour. In Experiment 1, a compound adding-^l'fciplyibg 
model was supported when three pieces of information were 
given. When two pieces of information were given, a simple 
additive model was able to account for the results. It 
shows that, when the task is simple, subjects add their 
responses- On the otherhand, when the task is complex, 
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nonadditive type model holds true . This result is also 
supported in Experiment 2. In three -cue task, however, a 
multiplying model was supported. This shows that travel 
decision obeys multiplying rule. 

One important finding of the present research is 
that it challenges the conventional view that physical 
characteristics of bus system have the absolute values , a 
notion which has called for the use of regression analysis 
in transportation research as mentioned earlier. 

The psychological difference between 50 Paise and 
Ee. 1 is much larger than the difference between Ee. 1 
and Rs. 1.50 . Even the psychological scale of frequency 
of service did not quite conform with the objective scale 
of frequency of service. That calls attention to the fact 
that good prediction about travel decision has to consider 
psychological values of transportation systems. Methodolo- 
gically, this implies that often lised regression analysis 
is not as good as it has been believed to be (Shan+eau and 

Anderson, 1977). 

Suggestions for Further Research 

Eor further work on tr are par tat ion decision making, 

the following points need to be considered; 

1 . In the present study, only three factors were taken 
for determining the attractiveness of bus systems . For 
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better understanding of the nodal choice judgement, several 
other factors should also be inDluded in the study such as 
travel tine, safety, p'urpose of trip, etc. 

2. Subjects should be given sufficient practice to 
make them familiar with the task before responses are 
collected for analysis. As it has been suggested 

prior practice results in more loeanirgful data, especially 
f or mod al analy sis. 

3. It should be emphasized that the present results are 
based on a smaller sample of subjects. To generalize the 
results, subjects from various strata of the population, 
covering a broad spectrum of socioeconomic characteristics, 
should be studied. 

4 . The task could be extended to included other modes 
and other transportation-related problems. This will 
pj^ovide more generality to the results. For example, urban 
researchers are interested in the joint choice of residence 
location and transportation mode. The information integration 
approach could be applied by simultaneously varying factors 
such as distance to work, distance to shopping centers, and 

availability of transportation modes. 

5 . More research is needed to validate the information 
processing models derived in laboratory studies by applying 
then to actual transportation decisions. 
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APPELIDIX A 

An agency is interested in introducing a new bus 
system for the campus community. The agency wants to know 
how do bus users consider different characteristics of a 
system. In this experiment, therefore, you will have to 
judge your preference value for a system with given 
attributes. 

I will give you information about Pare, Prequency of 
service, and comfort of several bus syster.©, and you have 
to indicate hew much you would like to take a bus with the 
characteristics given. The fare will range from Paise 35 
to Rupees 2/-, frequency of service will range from every 
5 minutes to every hour, comfert that you can have will vary 
from extremely uncomfortable (overcrowded, standing, pocr 
seating facilities etc.) to extremely cotf actable (excellent 
seating facilities, no staMing allowed etc.). 

These three pieces of infermation will be presented 
to you on cards in different combinations. Every time you 
receive a card, read the typed infermation carefally, thinlc 
how much you would like to ride in a bus having the supplied 
characteristics. Your liking for tte system will be indicated 
along this 31 holes scale. The first hole in the left side 
means that you would not like to travel in the described bus. 
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As you move from left to right, yo\ar liking fcr the bus 
is increasing. You have to indicate your liking every time 
by showing the appropriate hole of the scale. 

All buses would not be described by all the three 
characteristics In some cases, infcrmation about one of 
the three characteristics would be missing; in other cases, 
information pertainii^ to two characteristics would be 
missing. Da every case, you try to judge its likableness 
on the basis of only the supplied information. Also, try to 
use the entire resporee scale in indicating your preference. 

In order to make you familiar with the nat'ure of the 
task and the use of the response measure, I will give you 
some practice examples. You try to uMerstand the task 
clearly. Peel free to ask any question you may have. 

After the practice session, we will begin the 
actual work. I will present 78 cards to you and one by one. 
You will read the information contained in the card, and 
indicate how much you would like to travel in that bus. 

You will be rating each card two times in different, random 
orders. Please take the task seriously, and extend your 
genunine cooperation. 

Thanking you. 



51 


APEEiron B 


Practice examples used in Experiment 1 and 2 axe listed below. 


PRACTICE 

1 

Pare 


Raise 35 only 



Frequency 


EVory 5 minutes 



Comfort 

= 

Extremely comfortable 

PRACTICE 

2 

Pare 

= 

Raise 35 only 



Frequency 

= 

Every hour 



Comfort 

= 

Extremely comfortable 

PRACTICE 

3 

Fare 


Rupees 2 only 



Frequency 


Every hour 



Comfort 

= 

Extremely uncomfortable 

PRACTICE 

4 

Fare 

= 

Rupees 2 only 



Frequency 


Every 5 minutes 



Comfort 


Okay 

PRACTICE 

5 

Fare 

= 

Raise 35 only 



Frequency 


Every 5 minutes 

PRACTICE 

6 

Fare 

= 

Raise 35 only 



Comfort 


Extremely confortable 

PRACTICE 

7 

Fare 

=: 

Rupees 2 only 



Comfort 


Extremely uncomfortable 

PRACTICE 

8 

Frequency 

= 

Every hour 



Comfort 


Extremely uncomfortable 
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PRACTICE 9 
PRACTICE 10 
PRACTICE 11 
PRACTICE 12 


Pare = Paise 35 only 

Pare = Rupees 2 only 

Preiuency = Every 5 minutes 
Comfort = Extremely uncomfortable 
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APPENDIX C 


End anchors 

used 

in Experiments 1 

and 2 are listed below . 

CAB.D 

0 

Pare = 

Paise 35 only 



Prequency = 

Every 5 minutes 



Comfort = 

Extremely comfortable 

CARD 

28 

Pare = 

Paise 35 only 



Prequency = 

Every hour 



Comfort = 

Extremely comfcr table 

CARE 

29 

Pare = 

Rupees 2 only 



Prequercy = 

Every hour 



Comfort = 

Extremely uncomfjortable 

CARD 

30 

Pare = 

Rupees 2 only 



Prequency = 

Every 5 minutes 



Comfort = 

Okay 

CARD 

58 

Pare = 

Paise 35 only 



Prequency = 

Every 5 minutes 

CARD 

59 

Pare = 

Rupees 2 only 



Prequency = 

Every hour 

CARD 

60 

Pare = 

Paise 35 only 



Comfort = 

Extremely comfortable 



54 


CARD 

61 

Pare 



Comfort 

omi) 

62 

Prequency 



Comfort 

CiRD 

63 

Prequency 



Comfort 

CARD 

75 

Pare 

CARD 

74 

Pare 

CARD 

75 

Prequency 

CARD 

76 

Comfort 

CARD 

77 

Comfort 

CARD 

78 

Prequency 


Rupees 2 only 
Extremely Uncomfortable 

Every 5 minutes 
Extremely comfortable 

Every hour 

Extremely unconif car table 

Paise 35 only 

Rupees 2 only 

Every 5 minutes 

Extremely uncomfortable 

Extremely comfortable 
Every one hour 



